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external circuit. To maintain overall electrical charge balance, the flow of electrical charge

25  due to oxygen ion transport through the electrolyte from cathod-e to anode is balanced by the
flow of electrical charge due to electron conduction in the external circuit. The flow of
electrons in the external circuit provides an electrical potential of approximately one volt. To
generate larger voltages, fuel cells are typically not operated as single units but, instead, as
“stacks™ composed of a series arrangement of several individual cells with an “interconnect”

30  joining and conducting current between the anode and cathode of immediately adjacent cells.
A common stack design is the flat-plate or “planar” SOFC (or “PSOFC”). In a PSOFC, at

least two, and preferably more, SOFCs are stacked together in a repeating sequence, wherein
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10 expansion (CTE) that is sufficiently similar to the CTE of the ceramic electrodes within the
cells to ensure the requisite structural integrity and gas-tightness of the firel cell stack.

Initial PSOFC designs used a doped lanthanumn chromate (LaCrQs) ceramic
material as the interconnect material. LaCrO; ceramic does not degrade at the high
temperatures at which SOFCs operate and has a coefficient of thermal expansion that

15  substantially matches the other ceramic components of the fizel cell. LaCrOs ceramic,
however, is brittle, difficult to fabricate, and extremely expensive. To address these
deficiencies, metallic interconnects have been proposed for use in PSOFCs. These include
interconnects formed from nickel-base alloys, such as AL 600™ alloy, and certain austenitic
stainless steels, such as the 300 series family, the prototype of which is Type 304 alloy.

20  Ferritic stainless steels, such as ALFA-II™ alloy, E-BRITE® alloy and AL 453™ alloy also
have been proposed for use in PSOFC interconnects. Table I provides nominal compositions
for the foregoing nickel-base and stainless steel alloys, all of which are available from
Allegheny Ludlum Corporation, Pittsburgh, Pennsylvania.
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Table I
Composition (weight percent)
Alloy Ni Cr Fe Al Si Mn Other
Al;ﬁg;m 0.3 max. 22 bal, 0.6 0.3 03 | 0.06CetLa
max.
B}
E‘EHRCI;E 0.15 max. 26 bal. 0.1 0.2 0.05 1Mo
ALflﬁfm 0.3 max. 13 bal, 3 03 0.4 04Ti
AL aﬁggm Ni+Co 15.5 8 . 0.2 0.25 -
bal.
Tyf]foim 8 18 bal. - - - -

At the operating temperatures typical for current generation SOFC, the partial
pressure of oxygen (or “p0,”) near the anode of a SOFC is generally lower than the 702
required for various metals commonly used as electrical conductors (e.g., copper and nickel)
to form oxides. However, the pO, near the cathode of a SOFC is generally higher than the
POz required for oxide formation. Accordingly, there is a tendency for surface oxide layers
to form on interconnects made from these metals when exposed to the oxidant proximate the
cathode of the SOFC.

Since metals generally form oxides that either have a high electrical resistivity at the
temperatures typical of PSOFC operation or rapidly thicken with time, the area specific
resistance (or “ASR”) of metal interconnects, as well as the resistivity of the PSOFC stack
into which they are incorporated, tends to increase with time during operation of the PSOFC.,
For example, certain alloys, upon exposure to oxygen at high temperatures, form surface
oxides that either thicken at an extremely slow rate (for example, the Al,Os scale of ALFA-
n® alloy) or are highly electrically conductive (for example, the NiO scale of pure or
dispersion-strengthened nickel). However, the underlying mechanism that controls these two
seemingly disparate factors (resistivity and rate of oxide formation) is essentially the same
(the electronic defect structure of the oxide). Consequently, there are very few metal oxides
that are both slow growing and electrically conductive.

Stainless steels have attracted interest as potential interconnect materials, in part,

because in their conventional form they develop a scale consisting primarily of chromium



ALFA-11Tmalloy 0.3 max. 13 bal. 3 0.3 0.4 0.4 Ti AL 600TM al |l oy Ni

Co bal .

10

15

20

25

30

15.5 8 -- 0.2 0.25

oxide (Cr2O3). This oxide scale is both relatively slow growing and reasonably electrically
conductive at typical, current generation SOFC operating temperatures. Ferritic stainless
steels in particular have certain properties that make them attractive for PSOFC interconnect
applications, including low cost, good fabricability, and CTE compatible with ceramic.
Nevertheless, the oxidation of stainless stee] interconnects during operation of a PSOFC may
lead to an undesirable degradation of electrical properties of the PSOFC over time.

Another potential drawback to the utilization of stainless steels in PSOFC applications
is “poisoning” of the porous electrodes, and in particular the cathodes, used in the SOFCs by
chromium-bearing vapor species that may evolve from the chromium-rich oxide scale on the
surface of the stainless steel during operation, particularly in the presence of water or
hydrogen. Because water vapor is often present in the gas streams of an operational PSOFC,
the formation of volatile chromium oxy-hydroxides (e.g., CrO(OH),) at lower temperatures
can exacerbate the problem. Additionally, solid state diffusion of chromium from the
interconnect to the adjoining cathode may occur during operation of the PSOFC and may also
contribute to cathode poisoning. While the formation of a manganese-chromate spinel layer
on the surface of a stainless steel interconnect may reduce such chromjum migration (e.g., the
evolution of chromium-bearing vapor species and/or solid state diffusion of chromium)
during operation of a PSOFC, if sufficient chromium is present at the surface of the
interconnect, chromium migration leading to cathode poisoning may still occur.

Various structures have been proposed for SOFC interconnects. For example, U.S.
Patent No. 6,326,096 discloses an interconnect for solid oxide fuel cells having a superalloy
metallic layer with a anode-facing face, a cathode-facing face, and a metal layer, preferably
nickel or copper, on the anode-facing face (see Abstract). Disclosed superalloys include
Inconel® alloys, Haynes® alloys, Hastelloy® alloys, and austenitic stainless steels (see col. 4,
lines 60-63).

U.S. Patent No. 4,781,996 discloses a separator plate that is laminated on the back
surface of each of the anode and the cathode of a fuel cell, and is made of an nickel-
containing iron alloy containing from about 25-60% nickel in order to match the linear
expansion coefficient of the separator plate with the expansion coefficient of the electrolyte
plate (see col. 3, lines 18-27). Further, an oxidation resistant treating material is bonded to
the cathode side of the separator and an alkali corrosion-resistant treating material is bonded

to the anode side of the separator (see col. 4, lines 24-29),

+
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(see Abstract). Aluminum enrichment can be carried out using a conventional aluminum

diffusion process, wherein the plate is coated with a powder mixture of inert material (such as
Al;03), a chloride/fluoride activator (such as NaCl) and aluminum powder, and exposed at
600°C to 1300°C under argon, or coated using CVD or PVD (see col. 3, lines 43-57).

15  Thereafter, surfaces of the plate wherein aluminum enrichment is not desired (for example
the electrical contact surfaces) are ground to remove the enriched layer of material. In order
to accommodate grinding, the body of the plate is over-sized to account for material removal
(see col. 3, lines 57-62).

Canadian Patent No. 2,240,270 discloses a bipolar plate consisting of a chromium

20  oxide-forming alloy with an electrically insulating, corrosion reducing layer in the region of
the gas guiding surfaces and cobalt, nickel or iron enrichment layers in the region of the
electrode contact surfaces (see Abstract). As discussed above with respect to U.S. Patent No.
5,733,683, grinding is required to remove the electrically insulating layer from the electrode
contact surfaces; accordingly, the plate is over-sized to account for the material removal (see

25  page8§, lines 10-15).

U.S. Patent Publication 2003/0059335 discloses a high temperature material that
consists of a chromium oxide forming iron alloy including 12 to 28 wt % chromium, 0.01 to
0.4 wt % La, 0.2 to 1.0 wt % Mn, 0.1 to 0.4 wt % Ti, less than 0.2 wt % Si, and less than 0.2
wt % Al, wherein at temperatures of 700°C-950°C the material forms a MnCr,O4 spinel

30  phase and which can be used to form a bipolar plate for a SOFC (see Abstract and paragraph
[0032]).
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Yet other non-limiting embodiment relates to an interconnect for solid oxide fuel cells
comprising (a) a fuel side; and (b) an oxidant side opposite the fuel side, the oxidant side

comprising (1) at least one via that when subjected to an oxidizing atmosphere at a
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Other non-limiting embodiments relate to methods of making interconnects for use
30  with solid oxide fuel cells. For example, one non-limiting embodiment relates to a method of
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| east ogidentGideGa ewd fd ' 3 Lhgl on at, | east
a port0 ion of a surfagﬂeﬁ@hg?é%fﬁ %%Q?gﬁig?ﬁ{ﬂé%g?tag%é%% OWPang]hgﬁnel
conpr FEFERpoLishing ailrastiapeition obatilerst susges flow dibniebadihe axidantisideofae a
surfa of.; ' I Xi al e copprising. iron and
chr om iRt aR i (D AR M E TR P B G o2 epe She
oppos fuebsidhef thg irdemenrstigithe netelit thaterial BenCaoR bsi Aigks MBY,2obp& or a
er'c% e}e{ifaot grorms]ggn oxi havi ng a di ssoci ati on pressure greater
apartioar ot BEELPRPRST

t han ygen proximate the fuel side of the

i nt er conneOthethwr-IgitRiRedH HREne relaffio $SRInh AP ioﬁﬁefﬁ&k‘?'cel?s%&lﬁdin%ﬁ‘eter
ect s

=

non- | j g ti n%i enbogdi?rrents relate to nethods of making 1ntercon
for ULETLHNGGY preerlingfoyarions nondimitiak embodinents disvioked hevein. non- i miting

enbodi nent 140 fa: i n_i.nt erconnect, c risin

(o o o' 6 1A, Gl oI ke AR il & £ BRREE bR "

| Nt er CFINEEE, Wavéigl rarckoiefrowi (e lessdhaarD. Dxluthadiin, Fose0 apReshieohe fuel
jde, o h xi dant si.de, and fuel side conprising a via and a

UL ISR 26 33 B pR R PET LT 1 LrseereisorvmAl oG B0.) cssban, o

por t i foom 6fto 8104InétesHien Offen 036 1 il YBIHAANBSM O to BG4t 0§ 6185 0f the

i nterconnect. Another non-limting enbodi ment ré%?tes to a nmethod of
maki ng an i nterconnect
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5 conprising (a) formng an interconnect froma ferritic stainless
steel, the interconnect conprising a via and a gas flow channel; (b)
el ectropolishing at | east at |east the oxidant side of the

i nterconnect; and (c) physically or chemcally renoving material from
at |east one el ectropolished surface of at |east one via of the

oxi danfaieprmfor Q4o Or; ceriamm a0 to Vel zispaaiue fromptol Q. friitaniwgn, drooBliarent
rel at es, 1tigntaueihed) B0 IBkHi ﬁﬁnhﬂiﬁfp%ﬂﬂgﬁm 10 conprising (a)
connecting a netallic material on at TPeast a portion of a surface of
a ferritic Qthsr rerclmitingessibodinassts relateto indfbrritic baimet alebli onipeitiap;) ial

bei ng i i |1 oy. copper. o 0 r al] oy ra
ni ckel %%E et af’%)o% Bﬁﬁ)'oﬁgjﬁnﬁ‘%ﬁ%ﬁ’% hf%&ggﬁﬁ?@‘g‘g%"%ﬂ tord ‘gléci‘l?‘l“% c
st af nl gogtesther | tobemhgmates fioal 0.002e 0L NER5EO ROSOS tol TR0 Aogh, B¥IndRat]
| ess. steel and a fuel side opposite the

side c Lsing.derritic stai

OXi danﬁ‘gféugﬁe&‘le% i @i"n@g P’r‘?%gng?lﬁlorqzcto R4 pnthpnung fiom Gfo §. hégmlﬁmm 15
si de afiomiite ofiuehnifing o0 el aALRIE HAEE o 6.9 TRbLSH %g?ﬂn"i&&f&'&d a gas
fl ow channel 'ﬁgd_(cg el ectropolishing at |1east a pgortion of at |east

one gaSuPHG- 3 swgp of the wesghtipsreens cetmo ind the weigh peroent damtthanni | |
anot hegn RQfronl B kg ogmbodi ment relates to a nethod of making an

i nterconnect _conprising (a) formng an interconnect froma ferritic
stHl nl ess ditdegtherinontlimiting embddimbiterd@e tod Reiruisaless 16 Bem@ibig ifant

si de f i i.te.the.oxi dan i.Je, each _of the oxidant

si de g‘ﬂ%g@ e Jll,lté O%ie%gopcggé%lﬁ%miuﬂ‘% g‘?%ﬂﬁéﬁ:‘?;ﬂg?ﬂ% S’ginr?ﬁ' tg 2y ichroglima gas

f1 ow cdreaterdhan { 10)2 ebegine@pBbinDU0RGo 811 JaftRS! ﬁ@n%&bi@@ﬁ@égeﬁ}ﬁ%ﬁ?scé jone

gas flow g{j’uanneh of trh%?ol)é#(ila t side of the interconnect] and (c) .

connec PP R A Retramq 0 GLarorp § ty0.0p dapdhanymg Fpm; i Oof ceaiugy foacltoof

the f el siofifingfiroe «f 05 GAAMHIm 04061 kAL Soll B Bh 8l Behg ALcke!
el -

or,a nigkel al l'oy, copper or a 25 copper alloYy, or a nic copgg?
alllsoy.an mmputgeher non-1imting embodi ments relate to planar solid

oxi de fuel i nct: Ui i ects.accordi t o var.i ous
one T e s e A Bl ol SRR S TP LS Bt cPrbiring 1o
enbodiveight peticens] Gemd théx i aumialuat fom® ta 00N silidonCfréth 25 b 23 Shubin@eh,

conpri SiNgy..| ight percent . f to less than 0.1 alum num_  from
0 o 125 et %38 eeBRE IR 0005 5102 puBondEo RioROdogebtont Oan 1
to 2 nmhgmigtsienuh Hom 0.t002 ricke) bt icdmOs 1ahfafd, fdhn @-t@é.l%%@ﬁtﬂ,gﬁ&n

fr, mg)t 0% no(l)ﬁxﬁbdenum fromQ to 0.5 nickel, fromO to 0.

|o7r§t h ﬁ&% FRERABM, 3 Gnqunt et 3tdeast arektitinim,gantalyingand miabigm,fwhsmeio theo 0
5 U t Aol of fi@fufh, téhtdhurh ah PRH B Sail&8 Bl 2 NI ODI UM Tron and
impurities. Qther non-limting efbodi nt's relate to a ferritic
stai nl ess steel cévpvrighingreenh< {NGHt %Pt SdbiTa)f< bmeldht perfernf)5

al um aym., 4 Bey0 0.05 silicon, from2l to 24 chromum 5 greater
than 1 to 2 nganese, from0.002 to 0.1 carbon, fromO to 0.04

ni trogen, Offtemmon-timitingwahbdditesmtsnelatd winterebonddtsForiseh@th SOFEMBuD2 to
0,94 lu?‘mné H’l%r%gr%ic fs{agﬁr?asg sgee S gisglogeldrh%lqeri]ﬁ gnrg PSOFC including the same.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

Various non-limiting embodiments described herein may be better understood when
read in conjunction with the drawings, in which:
Fig. 1 is a schematic perspective view of an interconnect for SOFCs;
30 Fig. 2 is a schematic, perspective view of a PSOFC, including an interconnect;

Figs. 3a, 3b, and 3c are schematic, cross-sectional views of intercormects according to

various non-limiting embodiments disclosed herein;

13



fromO to 0.1 titanium fromO to 0.1 tantalum fromO to 0.1

ni obium cerium iron and inpurities, wherein a sumof the weight
percent cerium and the wei ght percent |anthanumranges fromO0.03 to
0.06. 10Still other non-limting enbodinments relate to a ferritic
stainless s eeh.cog)araﬁgglng, .in weight percent, fromO to 0.05

al uni num f r&m o° & 82t 5EsEpinethe varfafionimayeen pRrtignresmine versgs emtaing

t han 1 téoheratife RGARBSEs fub : . Do pdom 0 to 0.04

nit rogerf[filJ fromO to % m{%g@?}%@veﬁ%‘%%@%&gﬁ@ Pr§id(’:1:(ktg1l , fromO to

0. 05 I ant haRig i #oiliozham diagramem wirich éartain Epetating chnditiseqpe.um from O
to 0. 5¢d [ t10. 0. 1-tantalum. fromO0.Q5.to 0.2 nigbium

i ron 1%%%%1%(}% (?%;ﬂrgxﬁ%te t@ép‘l egflﬁ%?#ar?c}ﬁt-efqoﬁﬁoi W IRGERUAR F & tpéitaht e
to & felenansplid etide filebeddl mt galerallyipditaédig, i n wei ght percent, fromO0
to 0.05 al ulg}' nym frﬂ?ﬁgto 05 sﬁi;\l%icon from23 to 27 chrom um
greater than=1’td & fEQficpntyof thonpgb exnsngion for sevess] matterials; 0 t o

0. 04 ni trogBig, 7{s b ieidQ ol YRgeNuUm, . | from
Oto O'i%f%l a%t h(;lna(ljljr_flzJ fromé}g taéfgg.bl. ceri uﬁgéwﬁa%%%rggﬁggdfmo
zi r conPiATenGiTLstAmlossistests, prefiwhishowes eledtiopelishrd andorteafrhicngas not

ni obi ugectitppsli@ed the anounts of titanium tantalum and ni obi um
satisfy the equation: 0.4 weight percent < f%\b + %i +
VZJ(Q’/d'a) ] S.Fig. 3adb glaecopdary elvctron inuge afid sirfied of fortc stainless steel Hak BAT
non- | iyd.t i i s relate.to interconnects for use with SOFCs
nmade 2%@%%&%&{6@%%{1 (ragrg‘[filgtpf’léhogto i es sphssrieently epradel anfier ei n and
PSOFC i ncl utign@bichuee deunmeteriSit kira SRl Unfdhith, THE SRERALM EWS OF
THE DRlﬁWN S) . Varjous non-limting enbodi nents desc?ﬂ)ed herein,
may be BErLar [HRGENeb. Sataige fropethe same wemshomatingie. Bt h t he dr awi ngs,
in which: Fig. Jiiécﬁgﬁ]jhemati C perspective view of an interconnect
for SOFCs; 30Fi éD OScHE FBRDIMENSS £ THE INVENTION PS OFC,

iri§l uding an interconnect; _ ~ Figs. 3; 3b, and 3c are schematic,
cr'idss- sect i on4f W Frecificationanddes appaededictiimg, thoarigles tayd “an,” and

non- | i“fie’ iftfudeHRes i [ . -Fig. 4 1s a graph
illustrating t %varrgiﬁg%n?solgﬂfsglegir%g}rﬁgg'!fl{&iuﬂoc%lrl%ls%'ﬁt?%g)\/oéﬁ%?%rent

oper att4fionaliy dorthepappsss of thid spesifitatieh, wiless ofhetwionindededSali Mdbers
convenk.i Tabdite ig.. 5 js an Effi ngham di agram on whi ch
cert airérfb%%%ga{i ndﬁgég’osr?glllta i ‘gﬁgh %‘?ﬂé@fl{,ag?sew&’rr%‘ie PARIBOISSS: Fdichat e t he
fuel grepsrigs opparametersaoethinche shetifiogionRes RitetMdhtodd wpéiﬁgﬁaoéﬂeaﬁfir

s%bi daﬁ@sa%cés elthc*%lnlpnalge geperally indicated; Fig. 6 is a graph of
the coefticrents of " Phatith /%9 BHrinfess otenvdseindicpted it shiould be

Fi g. TndasteodthatthehumEi@hbarehiaBaetiBih ikt f(?lW’Lﬁ%&e Qﬁo\ﬁea'hﬁ%?ta(\g}\}'ﬁiqﬁ h

for sapples of two different ferritic stainless Steels, onée o

was elCECTS BpEPRISHER ISR Adribe wiry astc tndmes anat ateinet to pi ithesipptication of

the doctrine of equivalents to the scope of the claims, numerical parameters should be read in

light of the number of reported significant digits and the application of ordinary rounding
25  techniques.

Further, while the numerical ranges and parameters setting forth the broad scope
of the invention are approximations as discussed above, the numerical values set forth in the
Examples section are reported as precisely as possible. It should be understood, however,
that such numerical values inherently contain certain errors resulting from the measurement

30  equipment and/or measurement technique.
As discussed above, stainless steels, and in particular ferritic stainless steels, have

been considered as possible cost-effective replacement materials for SOFC interconnects.
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10Fig. 8a is a secondary electron inage of a surface of ferritic
stainl ess steel that has been el ectropolished and a portion of which
was subsequently abraded; and Figs. 8b-e are characteristic
x-rays maps for chromium iron, alum num and manganese,

respectq vel gbt ai ned from.the sane area shown in Fig. 8a.
DESCR! TR SRR Rt SoNeHOp B et b Bde aibibe cnthods of an

speci f bpahtical SOPC o carRRMHRH 0 bALES ikt i eSS R vontaid e c,ad
"the" ingl u%gi pl urglh.@r ef erent sognl eggsi“é’ﬁ%?fe"?{slf‘@ﬁa%zcﬁ & Wﬁﬁ’gegs
i i t etfotly Des sreprddiaod interesaneat svgenplly f tess tffieienticlprises cofert bb&iuctor

speci f{ [ 3 ] kndi cat.ed,. al |, nunbers pressi ng
et | B Sk el B 3 Bl o ot 8687 gl By g san
ot her e paetas dae axidqrealane tieristenmetedswikie Heael dil GaidRs AN Bpe

under Rpi?.] ing npdified in 20 all jnstances by the term "about."
Accor Z?ng y%gﬂtﬁﬁ%gaglo%ﬁ %e%e% PAginnefalliciptercppnact hoe linwgé eerilble t hat
t he nuB@FCead PRAFaiesigisso sektivey hbificlint, MRy ' | {abSAkion and
attachfo%{, | ai are a%:)roxi rratei%:)ns_. CA{J thef@gf%%ggﬁg%@bﬁlﬁ%@y%n
attenp (g(]a%921§1:{)) trfader e preyverticseessive exidatibocnrtharimtapéonnactisugh@at S t 0

t he scope of t | L anmeters, should be read in |ight
of the number A%ﬁl s%%ég%’f?ghd S gnlln?el?%:oanﬁ%td@ﬁﬂgsa %HHBM°%P$@%WIHf
orldi naang/or meskiinigllgherechmipguees to another corfpptnehie Rurthby hlﬁlcﬁl?ﬁn Jegal

e

range ers.setting forth f.he broad scope_of i nvention
are ag%(?gl%rgr;%@?%%mgrsduéﬁ S éfﬁes uﬁB%é‘Plt%Wﬁr@?qﬂésaqul%ﬁe@ bereingnaf or t h
i n t helsoBEeaveyid epamecindn dase ey bethe 35scBha hod§ionl &
shoul dr#@: nger st ood, however, that sﬁ%h enuﬁl\:@?‘?%{gu%gldﬁie{géFﬁ%%ﬂroéln({fl y
cont ai¥} e¢l't PIF*ERPISr & Bredensty decussednimmnestiatela e diacent SOFEB ieg BEORENte

ST T e Pl o i
the. oot e e B BB B ot edersotoniiocie
i r on- EHPIGMINERES (@ttoediQy Y0 vationd memlimgtingteaiboliagsts disclosed herein may also be
used to connect an SOFC of one PSOFC to the SOFC of another PSOFC. For example, the
interconnects according to various non-limiting embodiments disclosed herein can form the
20  “end plate” of a PSOFC and can serve to electrically and/or mechanically connect that
PSOFC to an adjacent PSOFC or, alternatively, to another component in the System.
Referring now to Fig, 1, there is shown a schematic perspective view of an
interconnect (generally indicated as 10 in F ig. 1) having a typical configuration for use in
current generation PSOFCs. It will be appreciated by those skilled in the art that the precise
25  design of an interconnect will depend upon the design of the PSOFC and the individual
SOFCs involved. Accordingly, the interconnect configuration shown in Fig. 1 is not intended
to limit the possible configurations of the interconnects according to the invention, but is
provided for illustration purposes only. As shown in Fig. 1, interconnect 10 has a first side
14 and a second side 16 opposite the first side. Both the first and second sides have at least
30  one gas flow channel 18 and at least one via 20. As used herein the term “via” means an
electrically conductive pathway. When positioned in a PSOFC between two adjacent SOFC,

the vias on one side of the interconnect make electrical contact with an electrode of one of the
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steels. Since an oxidized interconnect is generally a |less efficient
el ectrical current conductor than a non-oxidized interconnect, the
efficiency of the fuel cell stack as a whole may decrease 5over tine
as the oxide scale on the interconnects within the fuel cell

i ncr eaﬁ%}é n thickness. The inherent limtations of current
gener a sFatha stack, Whiledhe Bian et the oppesiteisidieto heanterconiviobmSRFCearichl

PSG:C desth@nt e.operat.io
(approxi mat el y %106%5%6%?%%6&? %E%Jr) 54 argeen\ggﬁ)%?é erl?et‘ﬁ‘?tﬂﬁg &Sn
on t he dowtcapntdiam eng $QEG & thasexts @dr élmrgﬂe; at SR windh Mig, RnefsRRBeCt

| ly. 10, and/ h Ty
e o L1B B PO (RIS hE i ST E oionct SR SRk Be rGe 220 Fidb,

t heSi nks Qﬁmtaecmmetaam Eutélaﬁ_gcér@ cithedomni Fusie BQPC'(géHeFdIIS}QmEEQ%%dA ?F?
di scl 03 %ng Eierel H@gg ve to separate and/or difect t W of
the gaseous < 'es Siieed© glintaaepraps 24P pesradisrent apmie@24Rdrn edjacpt e,

808 el
Cypi cal tﬁ%ﬁf‘neétﬁ?ﬁmg“ei‘é mspdicad ehitc o a60ALy PSSR P RERG A e

bet weeffhage 222 Hleriolvde 23 handpgo , amtSORE 226 oubhides armde RodyREEcabEtY
adj acemiq »RGmoRE 94 des el ectrical interconnection between the SOFCs,
and serves to separate and direct the flow of gaseous reactants. The

i nt&r connecWethaootnugid mefetencata Fig Asduriig dpefitibh 682 RSOB O:g@&t Fowfld tﬁfb'gﬁ

h b C of PS to the S

oF " onolBs fup a0y st B DG i D T 51 b Sebroomiei A0 § heians ous

non- ||ﬂm%gglmn@oﬁem@wdmma@awoﬁm@m&ﬁﬁeIr@éreanﬁ@&zaﬂﬁ Rogip! ate”
y

of a PSOFC and ser tQ electrically and ani ca connect
t hat @%&mﬂ&‘)%gﬁ‘b éﬁlt e dopexample 2hydegeneih gasioviitechi eas flowing

conpormfmgh el 436 ﬂ%iﬁr&ifﬁﬁﬂelﬁqfs% i3 1WAk st g%tgo ]222tlsh§r}r ?}93%'1;.5]3@&?8@(1 as

jemat i c f)erspectl ve vi ew of an i nterconn géner a i)
3 n Ppigallyair. nEmsngde2 My efinaiconsaf le?us atposed fodhe maygem-lmcn eiviRAment

e T

that the precise an | P IPFPRiE
desi grengironthent RS@RGodN R4t dueing nﬂerwmcﬂi@thml RY abedadreid\GoR T EeRALY -

th at. Fig. 1 t intended t
[t B SRARSENed W e AT 50 bers b e ptentososnoas Sk diangito
the i rbzaﬂjabem fhdotathdds op4 swd%ﬁg&mﬂﬁdﬁﬁ&ﬁﬂ%@t dﬁw Qﬁﬁ%ﬂg only. As

stigwn %tg ]}, i nterconnect 10 has a first si a second

i i%°°5[fﬂ5 ftigr exempis, pide 214 indiis Lot Furthig af psed howimiwiiepdferensitdeés have
at | eagh cgﬂnéa,ﬂ%egﬁﬁnfcfu I¢ via 2 As used
herei n trhe term"via" %é%?%ge?ects?q%é‘oﬁ'fl)lldtgrg%ﬁ%{}ﬁ%té ra ]\/\I%f'y When
posi t iagieent e anopsuiCS GRE vidre apetindjofie PSOFEARG, wiibleit W iasorpitaRBSfosi de

8]1: Eﬂ%ﬂﬂ%ﬁlgrsqmﬁ?@ el ectrical contact with an el ectrode of one

Interconnects according to various non-limiting embodiments disclosed herein will
25 now be described. One non-limiting embodiment provides an interconnect for SOFCs, the
interconnect being formed from a ferritic stainless steel and comprising at least one via that
when subjected to an oxidizing atmosphere at a temperature of at least 650°C develops a
scale comprising a manganese-chromate spinel on at least a portion of a surface thereof, and
at least one gas flow channel that when subjected to an oxidizing atmosphere at a temperature
30 ofatleast 650°C develops an aluminum-rich oxide scale on at least a portion of a surface

thereof, the aluminum-rich oxide scale comprising iron and chromium and having a hematite
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SOFCs in the stack, while the vias on the opposite side of the

i nterconnect meke electrical contact with an oppositely charged

el ectrode of an adjacent SOFC in the stack, permtting the flow of
current fromone SOFC to the next. For exanple, as shown in Fig. 2,

i nterconnect 210 of the PSOFC (generally indicated as 211) is

posi t i SHEHTELAR upgidicren @B\ﬁp@s“sz%@’ére&xs toi adaiof prvdabts mhbremohenetice 340
are adpafea cat hode 222 of one SOFC (general ly indicates as 223),
while the vias 220b on side 216 of interconnect 210 are adjacent
anode 224 of\s arevingplycksetssSOREritigstamilak bigels hghedrbe oideRdFhr s if he

t ack j | Q.- SOFC.223 ingcl. hode 222, el ectrol yt
230, antCRcaerabibel yo R ey e (st otis d rpn ekl Pyt

ands catlivantm2a6h olidVésde wher dxpued t6 &f SHERER o |
KI@ows t hr oughﬁ{%he Ogggﬁ‘el(%lv?/hgﬁgﬂr%ﬂ%e% 218a,

operation of a, PSCEC, es flo |
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f1 ow ngliasaues I l; ide. 216 of the.
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di scussed, ferritic stainless steels hav

ial .. i |
L s R R AL o s D
t 0t hedcordadll foivia¥ohOndrOiAHAR e&h@t‘ﬁﬂeﬁﬁ%&%s%@&%%@cf gth%t%&%ﬂiuﬁé“uq‘{%' ch

oxi de scal e, when_exposed t0 an oxi di zi ng atnos
seen ERiF? Frgleopt Brmen asleastr 1OOkE)of dlmeotreabdsurfheds attien eibjedt@No GRES .

Howevgyg; 1 ut i.li,zat | of, ferritic stajnless steels
o oot SHORGKA K bl BB b RBCD i e onma g of

t he pewboes ehbe redndebswithnd detfinfearally efftdihg thes SR BREStercdRQR:. i Fhat €
S%azcnﬁge %o ﬁron‘i m gration %e. g., the evolution of ’
chr onf UTh BeF G inﬁ%sa‘s%&&?bégn hfF 8Pt i dieet elackics! contact with adjacent

electrodes (for example as shown in Fig. 2), the formation of an aluminum-rich oxide scale

on the surfaces of the gas flow channels should not detrimentally effect the ASR of the
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10 chromum diffusion) fromthe chromumrich oxide scale that forns
during operation of the SOFC. As previously discussed, because water
vapor is often present in the gas streans of an operational SOFC, the
formati on of volatile chrom um oxy hydroxides, particularly in gas

fl ow chatnnel s of _an interconnect, may exacerbate this problem In
cont r adeHeRmReRt STRVURYER iSERe Hheragiorsof thesinterdonngan that ateaiosbpiodetosthal es

are essg@ffatiah bchimipabt ~ L VAR RLESENt Ln the gas
streams, of the c(:)perati on%%%%%ép%%t er?gﬁwgl?‘%ﬂfeﬁg’dﬂpwﬁﬁﬁgmg

al um nthAYaEs veRergentsgtdithe gasehilowing tleesthrofigly iﬁiebﬁﬂtéﬂlﬁlaﬁaﬁﬂidﬁﬁﬁss

st eel : vent chrom um.m gration fromthe surface of
the f ers e Sr e e BLALIH oh o Ptk SR B e S esbo aPpw saior
sinee ziteof fumationolf chwoidensdeatiasvaoydedediaR tlse @ﬁﬁ&c@@hur[q%%g@fahgﬁ %y,
the forop fbon of al t.uni nunyri ﬁg oxi de scales on electrical™ contac
sur f aces %o?ﬁmf AV redyics the peearepes of cathgdmpeisonize.not  desi r abl e.
Whi | e a scahecoediAPtd wiridds FRNER 7 ; hneli.can. formon the
surface of SO”]E st ai nl esss steeF}gﬁgﬁgoig%{eg%%é%%g%mgﬁggeﬁt@f:%arsi cal

conductBV chapge Eisttyeadt enspyrfent, tht fwhen kil eitehto anfoxaiidingath®sgheas ent

in the ! 3<Q6 A1) lng to _cathade poisaning ma
S 1 e A 0, G ok st by rp criepapeet

t hEbr ymay be fosmed fromrepfeaCe riitiattaiblgssifieeh edragisinged suthisiontallpgcotier: §ASt
the s f.l ow channel.s of the interconnects according
to vaﬁ%ﬁgeﬂ?\% nh%ér}%%tﬁ%e AHEHGHE %Xlé‘? eleo S aenaemis, Aeevding torvarionn

al umi nuomrlitithg embddineas)| the ityrcbied 4y B folB@Bhom A8k i Qfkillss thEs
treated surfa%eoi%&/sen sue%)gct ed to an oxidizing atnosphere at a

t enper ALHFETE & d tvegghb eerce ebminimyrng shlens oné raserearthodena (fuals e's
beas| ad w6 EEn e i ' | Lhe .
Chterconnect dtbpé&mggq&lm{ﬁh%d}brge%@@gélg&g’fptr%%éﬁgtg%t%? j?65%!:“‘nannel s

i tercoa[]qﬂect. That 1s, since the sur
ar'e noteplfssdteebeammsisese kot af atdost .63 weighhpardimofnire elrbaldnages (f or

exanpl @ @s; ' i . ormati on of an alum numrich oxide
scal e on tﬁ?@%%gggfg ?t@?g "ggg"a{“‘l ‘%ﬁpéﬁgﬂgﬁé?@g@ﬂ?fﬁf OpRgfe spinel on at

det ri reast aporjiowdf eatrfach of AGR (af ditdussed bbd @), C0MAERE 1o VIRIAY B6n Lightge t he
regio . i rconpnect that ar st prone to the formation of

chr om%gﬂr?:a lgliaegfshighggg%gp SEHREF é@glé’f‘aé’ ﬁﬁggga@meoﬁp@%m weightpersant due
t o t hendmggiessat er vapor content of the gases flow ng therethrough, it

isscontenplated that the formation of an alum numrich oxide scale on
t %85 e surf Qaélg §p‘?‘?ht§’ popglieiing wsample ghe fearidy deinBsy weed cohplidugfibra O tof4

chr omivitigh @il havi 8RR X rf.ac rin eratjon
of o SORC Tapiymatgs o, SRAED.S%0 | WAIPh} (608 S AR B4t P fR G612

poi soRFIFEAt of rare eanfiraleriemigthabeandeiusedsin mamjuhdtivhtviiftgy £ROM TRR g

di scl eg®gaihersl L0 as_ f.low channel . conprises at |east one
cur o e et U 1 o e o iniaohion £ 008 Fa0 1 weight

t enpepercent satybn,cftonh 3a st 3BHeighiirvehOfsSorama s NORS & welbnpyd-de: scal e,

t I nt.erconnect be formed froma Fe-Cr ferritic stalnless
s?§ SBRpY ?‘ﬂ &Qgﬁ¥ﬁ'€f@ﬁ?er&?qtm=é?ﬁm P éo POP veight hercéndr mat i on

eel "COTPrie
of t htan&lathith festh 0it6 D. 10xdige peR@hoerifif! af B8 im3GSSLkdi.0 var i ous
non- | i{%ti ng, enbodi ment sgﬁtpﬁe i nt er connect rrgillmggﬁt?%s’réfg d%&r)@ﬁfaasum
terri P} e Seighhpeeant bnthanum egd o wiighy percenhceriGmtivatleased.ght per cent

al um num Apshétnchassit: l.ement (such.as,  but not
limted to, cer i"um %ﬁgﬂgﬁam}%}é S%aﬁ%%&raé;gaé@ﬁiﬁ%%m‘?mﬁﬂs&ﬁ%%Hotzﬁaﬁ t he
f erri PrightiBacent mhegsnesst fein Cbtupr weight perdedt AhmBlmAdnd #8845t 0H0FeiyRi ght
P CePLrodl rah QLS DS BN b sed in conjunction with various non-limiting

embodiments disclosed herein is a ferritic stainless steel comprising from 0.002 to 0.1 weight

percent carbon, from 0 to 0.03 weight percent nitrogen, from 21 to 24 weight percent
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Further, to allow for the formation of a scale conprising a
manganese- chromate spine! on at |east a portion of a surface of a via
(as discussed above), according to various non-limting enbodi nents,
the ferritic stainless steel may further conprise fromO0.2 to 4

wei ght percent nanganese. 200ne specific non-limting exanmple of a

ferri cheomivm; fiprdgo H3awsight prprenisiipkslioamp 0 @4 tsight mficgq’ftmqiﬂ-‘rd@@ﬁ”@,
manga %90 21 ?@v?m%t&)&céntwﬁgg{les@ Hr 05 t@b%%é?éﬂ urhfeR! F8m.

wei gh percen e eart efents fhat can use I 'n cohjunction
with W@ﬁﬁomgmcparcbntmliCDmg&mﬁm@Dﬁ@Me@hdpa“cd:mﬂgﬂbﬂimerfmnmltcsO &l freighitic

t | t eel 002 1 t b
Fr om PECEY e iR 090B A20 P2 S Periea e ipretiot P, BRR ST i
255 NBRGRASS e st @M wei ki p@rcénﬂ/mtﬂ&mrpﬁquﬁ@weighmmmeﬁm@estﬂbnﬁ) 05

wei ght percent | anthanum_from O taq 1 _vwei ght per.cent ri um and
i ron r(ﬁ rWEtlsfégercﬁ%foxﬂﬂaéamma@ala/ agilable op m@iﬁf

| ant hagum eea:gnésp Sedted ﬂﬂusﬁ?@ "f&ﬁﬁE sﬁuﬂésk‘ E@eélsau@% d«zﬁaasfs afaifBile ﬁ'om

Anot her non-lTimting exanpl e of ferritic stalnless steel conprising
from @klkgh@yiumat)rppm@nﬂmhgghé’s”e from0.3 to 1 weight percent

2l um num and. alieheatly 00 ARLANL 0. PRICEDNLLALFAICDLRL SFRDC S that

can be used in conj u I on vm vari ous non- odrments
discl ﬁlﬁ&doﬂ&&bﬁ@fdir dxampleftioy oxiiddnt s:slb)aaonipeses BEB é]omﬁimal somgngmg)mléhsoo 2

to 0.1 wei ent . car mOto 03 wei ercent, ni
from 38 Restin R it subisele gt g HPRE AT OG5 W@ﬂ%‘f@ﬂ?ﬁs sEen.
ni Cke'devéléﬁ%@hﬁﬂn@m%c%mtscﬂ@ (B2 RIde W byiide BB iftERMdcPmiPbE. 5
wei ght percent manganese, from0.5 to 0.8 weight percent_ al um num

from éorrr@d@@l w*éqr@m stalestesitel Baving sificipnighop 0@13816 tppergndt the for@éta%q»ﬁ
ni obi ym, cﬁ%xﬁ géalé"@&hﬂgtthé)&ﬁ&%ghoglﬂe Riod Me ﬁt%%]n@ec@g’lﬁrer = t he

wei ght per cent ant hanum® ceri um | I'T'pUI’I tires
siifn othet firel sivs) ghwbpéwrmdt&ohamfdmamstmm stérd covapriging Jesy tham®.3 vesightm

ranges fr 0 06..wei rcia

non1 PRCERS L Ren P e pR B e spllfent SEEF Lot e BiRhlls
ferri wietghs paicalt aksnifie ele sal foﬁthbelml iphndrs detwddi | abl e from Al | egheny

Ludl um Cor porati on, of, Pjttsbur PA. Alternatively, and as .di scussed
bel ow i n nor egﬂéfeéﬂolus 1y fscise ﬂ%ﬁé‘teé‘fo&ée%? acf‘?lrgmﬁdo BTG ’é’%lfmif or
exanplefibbiigheRii diRMse ShAQ) cHPEIHprER St Badl d8e bAWWEHARRGIhA¥MRAT Si Ng at

| east one surface that when subjected to an oxidi zi ng at nosphere at a

ta&pes@mmt@d @fan@@udtm@tﬂ@a@@rqﬁwémp@a@w ofiatilenst 9a0G devebbprae scal e,
t hat ?j 1%[1 okid‘%@ ?ﬁ %qedspﬁ 55 @Fg Eurgi%é’ﬁ%?e&of“ﬁﬁ{& LI t .
a mt

ferri Nl eas St avi n |C|en 0oy content to p&r
the f wanmtsumn—lmhtmglerabudmmumhe lahinnnwndmh@ﬁaﬂespala\tmay eompugsedtdnend

d 15 .t
P iy Mie ety SERRRRS bo bR S5 BSe Rrod o)) |

wei ghheRel, GRMurAh il riADxid¥eealk mmytcbm@n@a@mfﬁim &bn fcﬂafdmiﬁmpanatoaygeness
steels conprising |less than O. ght percent alum numare set forth

béd ow(whergigrab leggi@giortion of the iron %1 %?WP@L@PWSGP@E%@H“OR pighe
| nt er GRRNEEH @i A Mk Qﬁm{lﬂuﬁ{ %Hd@lﬂétn&é)é&ukﬂufg bhdSaf TRRH RS ﬁh@&&@s ed

herein can conprise at | east one gas flow channel that when 20
subj edMaed sp@mallnﬂeﬂneznamge mmemer bavetlatéice parpruetatsdn endéo, whereivast

0200 J5154800.45 RIHIALLED 2 B %%s.a%asa%g'ﬁe%af%ﬂs%@%t'o% A

‘cor v
enbodifpent, the al um numrich oxi de scal e may conpri se |ron and

chrom um I\/bl’ e part I C aGGor to_ varl, US n
eAbodi ment s dI]:‘s‘"(S’F”B%SéEf’ull':f?eﬁE s ferpifi st é‘lﬂ[}’ﬁﬁ% | “éjffﬂ’g‘);
CONDI i ftR kLA YTV welgPporSdht AIEMHRANFHION YGRTY ferritic sta.mless steels do not

develop an aluminum-rich oxide scale on their surface when oxidized. That is, generally

.J'

19



25 (wherein at least a portion of the iron and chrom um cations
replace a portion of the alum numcations in the alum num oxi de

| attice structure, and may have a henmatite structure. Mre
specifically, the hematite structure may have lattice paraneters ao

and co, ,wherei n_ag, ranges from4, 95 Angstrons (A i.e., 1040 to
500 A B S BRGSO C Rrinls ok rg b o bamenl skidoe talsasluritnan
Fe- Cr - fd.g.f @B tid 0I5GveésEiRIpBlcaEH ' | optain. fom 3
wei ght 'ar“.geJc cent tov 7gHV\i/I'gi ghtﬁﬁﬁﬁfdQWmsﬁgﬁg%F%F&£9 @P’rqrgf%nfi c
st ai nl SEBIESF Heridonds tyrm ey pmaticheg xide svalmoniitslsudated Fustha) dependihgiei r
surfac b &l 8L Stai I when typi cal Fe-Cr

ferri tlﬂ%dﬂgtﬁglc%%%gg@% gg[lr s, \%ﬁ?&aﬁg%g‘r%{egi’ ﬁ)é%al%? VAR apgdpesechymate
al uhi ntnwel anay, forng 08 at leasha Borvien gfithe fiarticie Blajnlesa KeclC ERAGE:. 1R i ntors

oxi di zf . the Fe-Or ferritic. stainless steel tends to
form aﬁ%ﬁlrj%trang%%@?o% e Sat E% e@‘étﬁc?pé’llgﬂng ‘E%rtaé‘h#?‘gﬁ Eerrifistpinkess sterbyidaidi ng
upon tdvataingyelsiof blnminim, tWicH f@bﬂgﬂeﬁwﬁé [ﬁaisﬂ*ﬁﬁﬁfﬁtt% Bduce ?n@ﬁ%' minum-
conprising. anese-chromate 5spinel may formon at |east a

po?‘? g o%cho%l‘ﬁl%_%’ﬁa%g%”rtﬁ?q %Jfg"e%ﬁlqﬂnéﬁlén@@lap a_il%nsi_evw@rr,iohmb@ei snale ndiobes

her ei rud%awgecdbﬁﬂz@%f@%rfrﬂﬁ@%taﬁﬂesg lst%@ltvfrﬁb%]q{ fs%?é&g? & to%(ﬁ e

ferritic stainless steeis that contain |eve AU NERS AR o
ot Wer vitt adempareiire ofiagleest680%k oduce a native al umi num rich oxide scal e

on their surf i ' i an_al um nunyri oxj.de scal e can

be devel oped_gﬁﬂ?ﬂ—gﬂjﬁgg’ 6?@%%%|”?|H%ves({}%ﬁoﬁ?rgiglag{h§§ c¢thehelpatropelisiagysed

to aR Eﬁ@ﬂfemwtdnhmmﬁmym Iaﬂuoad'geamﬁﬁﬂted{j r ﬁ;{mﬁﬂ% |b§§.}§-¥m C. f

Furt a inyent ors herein have di scovered that 'the effects o

el ect ﬁ{é%%l}lﬁn;%ﬁnhge Lepﬁqu]‘g#ﬁ%isflpgc%_t‘qa‘icﬂ’fdé%%ysﬂl@éle&)‘?ﬁﬁ‘}%@ oxédivogd or

el i m mahegphedeait a xaERdi&e oD)t ERTBIIOIHIBE REAk of ﬁlgsantiggstajnless sé'ee] that
ctrogol_l shed surface. Accordingly, when exposed to an oxidrfzing

el
at'fos Py sither not hegn slertsapglished or fom whish thesdiests ofidserapeljshimshavt bbde

ferri tréBovddaanliesdtorss §8le bhRkisi el t her not en_el ectropol i shed
or from which the %If.f ect s o? gﬁ%%?%%ﬁ#‘s@noél aa\l}ggﬁggﬁngaé}%ed can

devel Gpromatespirel ob theit wifaegsa chroni umrich oxide and/or a

manganese- i .their surfaces. For exanpl e,

al t hough n%ﬂtB fi i mI? ¥ %ghcﬁ%lr]él?ﬂ,mnitltng hﬁ?%é@r‘?s BW&“E@P’ ‘iﬁ@vﬁﬁ‘\?@rﬁb@ﬁ s

t hat, afiéntectmpelithingpBe-Cs firtitic sthialet¥ stbe$ sdridifing H310.5 851 %Fgﬁjf Percent

cgpt ainin fro&n Ol'e?fo, b@sl v@ghtgﬁgrcent 20 al um num and at” ['east 0. 03
wel ghf‘“gmu(;r;%nelgafmgtf 4P, é"f’r h @; _ﬁf%%?%ﬁh@?nﬁn&ﬂfmﬁf@nnum slurminuire h
oxi deris e echleyp Eife ok bkt I e seen
duri n? g)ﬁegjalgi on o?ﬁjg PeéCFC). F%r_t%ﬁlﬁggg&%iag?%sssgﬁﬁgg%g%%&g P ehe
for maf P f Fupthes) a5 fisqussed shome.oxtiilsche Gametionofperdwninumethaxideatalan

i nt er RBEBGH i cing the rate o t hode
SRR AL A MRS AR

al um [ o% osi rbgight, Bécaaidd uinSSh = ddst Y
the pg ?ﬁ'%ﬁ)fﬁ ﬁ%%gm%alscalte.on the via gurfaces of the intercgnnect
can | ead to an EncrsRSaTESuRER hr fresense sfisrchpacale et the vasurfeesniiths es
of t himtéredrmecionn &t to Aateiwie ASRCEAd@ERe e ' ad dffd 1 NG
enbod] nts %i Tﬁ,gl osed her&nl the int e%ﬁnecﬁ?&%%@pﬁ%ﬁf?&é so as
to ]E)e fiﬁé h@a Fgg - GRCH gﬁ%ﬁj GG Hearimition emkD@ie}etstsaaiiS'telmﬁ ltr[]mein,athe]
sur f apes i R : m.t ed | t.he gas
f1 ow cha(;mei3 sury:c ace.sféggg mrﬁe%ﬁgle?ﬁr %{é)gs%?tg% rlnuélé'glcﬁﬂﬁld?ﬁcf%g‘é“
sur f a%Ei8in sprfapes of thavisierconmgct, Ieckf asbmbnotdimiedd teythebasrowchanhe RudXdesle

I . h ' f . | e,
. P N b SRl e DRl Mo Pittloeite briatR @ e he

i nt eralemineot-ribdeoxide faalerandther surfaces, such as the via surfaces. For example, one noxn-

limiting embodiment provides an interconnect for SOF Cs, the interconnect being formed
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froma ferritic stainless steel and conprising at | east one via that
when subjected to an oxidi zing atnosphere at a tenperature of at

| east 650C devel ops a scal e conprising a manganese-chromate spinel on
at least a portion of a surface thereof, and at |east one gas fl ow
channel_ conprising at | east one el ectropolished surface. As used

her ei n TiORe 1eBA StAnlgss e pnsl comptising at Ipastionc piarthatovhes Fulsjéctéde an

i nt er cg [ f.l o els on the oxidant side
and the e e R o P e R e Bl o g o
fS:Jpp| | BenganesspdromstelsyineFanrdt tmst,af;@stédt&_ﬁth Juehed thefebe aﬁ@it%é‘s?(ﬁél dafg ]
angey to the tions t he jnterconnect, generally  at the
out pep?&/rrg %n%%ﬁo@lﬁfqg% ?e‘?ﬂﬁtcf’ﬁ‘ﬁ Slgftr?H??Wﬁdcﬁqfféc% exd 1SR g@éﬁtﬁb@ﬁnﬂs uch
as, 5 butmadfold refeied thOportlbn(d) dfdhd AR GnASSE thd '
gas-tight seal ,for ttggpio F@O:C ' I'n g}%?%%?gn%ﬁgﬁsitﬁ%\féhﬁgﬁ&s &
enmbodi %@Hf*{da? eapflitaefusl de ofitke igteatonnect 10 thegir anfl fitdh gas supglisspnnect
may al de8val epliipalsi . & C Oni-u 1 grat.i on om
t hose ?ﬁprfaceisf gnd t’gisgéé(;@%(ﬁ%ﬂg%q%%ecsg ?l:fhdg? q%%gﬂ?%%ﬁgﬁorbﬁﬁsf in
the se@fTsngnentezenerally pothghutrstimetenpi thegntenmeot toivihitisa SRR LRI RuEE

t hat b LAl nek trical Ly insulating surface at the 1

seal | n%ﬁc?%%ﬁggﬁdg%nﬁ%g%,n gikc e ‘&%ﬂ%‘?det?gfea?e aasitishisealdapiands,

i Nl udP3QF®Got h el ectrically insulating and electrically conductive
seal i ng conpounds e enpl gyed. As used herein, the terns
"el ectr opo{fﬁgﬂ&ﬂg‘nog‘ﬁﬁmlaﬁg 8’5??%%6% Yeegriages pEhersenling dlavgeeafithocheni cal
r enov ihteffonii®t Bial also fbe@BcRbpdligiRatio BoRPEde @gﬁhﬁn\éﬁgﬁti% ﬁﬁr% thé2"
exanpl e, according to one non-limting enbodi ment, e entire

i nt er cHHARE E0¢ PR Eide B sleptipalyi inswdating20rfagedn thrercelifd aves,  ARheuphedt
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etlehe dealing/fspgmof the intergomedtoweriety cfiseaing competinds) inélﬁ&'ﬁ% bb@ KehRehed
surf ag educing or _eli.mnating the effect o

el ect rqg%%)alﬁitﬂgﬁfl%g%%tﬁgg 0%03%%‘%3’?5 gfﬂ?})ﬂﬂ@&&&%& SRIEH.  According to
ot her non- | i nikusgl lentindherihs eldchBpdlithRize Gl Qbcn® iéﬂ@d’%ﬁ%ﬁ?&@d 25
to a sel C‘%\i veaﬁl ectrﬁgg&ai shi %g treat nent” such that material 1s

el ect © e&ﬁ% CEAT TPy, aterizd fromy at|leagka pertipe of 4 warkafieagaFof txampthannel
sur f aeesrdingtd GheaRnaihitial bYbOABMERL Bllelirel iSteflofiGdct 8@&%@%&@%&15&3&0 ved

flrzgmth via surfaces. AsS used hereln, the terns
e

ct ABpBereahipm gplegted sydicqsdsuch @s, dbiexampldy e suethces pofkatleafopohdhen al
from [t.1.GNs @r. reqgi on rk piece.
Fur t oy e nels bR e b PR e onie homet el wiferuled By~ an
i nt er ewROECT Abraiematerinl free tleceleviel yudices, thaep) fosh@eh of BhBffink ®d hose

pre-s ti.ons of .the interconnect fromwhich material 1Is
el ect ?%f%%é%glggﬁpyh%%%&os Gadafislsted@p¥Rl y el ect ropol i shi ng

are di scussedA&@rdihftd@h@Woh HniTBiLerdBdd@nbnts, the interconné c&l ﬁé:éfrtﬁge%%d
€

aﬁ ve, du ing glperati,on of an SOFC, the ferritic stainless s

i At er SOhTRSETIEC SedtrPaiishing Weajment sueh thetmateralis egctevbauicabnesiodedthnas ed
her ei Bt 1wdst h nbHfids b PasOid ' Jaterconnect wll
conprise a Is)c_al e cg?rprif%@%%@%@fﬁi@%—%&%ﬁ&??ﬁﬁeﬂ Ion at least a
por t i Bicterchemically renwved fram thevis sudames.vAs ussdchessin, ahd i Felebigle OXi de
scal e : rt.ion of .a.surface_of at |east one gas flow
chan nﬁ?@ﬁ%@ﬁ%ﬁé@g Q@? el?%@ ghemjeqlramaval et materigh 11F9m BH TS P ever al

f act osasctedquoriionawptapidnd@f 8 el pieaIFRsthbrd, s RBREINfh féf&?l}c%%’?éﬁg&f-s ng

t erature . hunmdity and gas_conposition. Although not

e o1 A0TSR TErpRiech Mot ised e pleaiopolighedt edfers bulpsei st ected

MBNQ afREEnsCITHRY TaefcopRbdd Elond P a1 iR .of. | ess thap 1

m crons, .and the al um numri cﬁﬁ%éﬁgg%g%%&%%%@%e Gvelt Bfbttods of
selectively electropolishing are discussed herein below in more detail.
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10 thickness that is less than 5 mcrons. Further according to
various non-limting enbodi nents disclosed herein, the thickness of
the al um numrich oxide scale may range from1 mcron to |less than 5
m crons, and may further range from2 mcrons to 3 mcrons.

Gt her non-limting enbodi ments di scl osed herein provide an

i nt er connect f0F diSeyseed aboe during ppesativact ag SOFC, Sterfgrdicftairlless sel and

an oxi ' j - 8] the 15 oxidant sjde of the
inter cgﬁﬁggt&ieggiaﬁ&gwﬁé ?r‘gvd&jfg r %%&gi@@rngi%ﬂbg Q’ﬁeél}%nqq%(’l e@%‘%@n V4 gndergo
conpr i Skidgticn suck thet theimsencoanectratll cohgiss u bjabctonthristga ndaflbsgichbmate
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25For exanpl e, one non-limting enbodi nent provides an interconnect
for SOFCs, the interconnect conprising an oxidant side formed froma
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may vary dependi ng upon factors such as the fuel type, fuel
utilization level, and operating tenperature of the PSOFC
Referring nowto Fig. 4, there is shown a graph illustrating the
variation inp02 levels on the fuel side of a typical current
generatj on SOFC operating at tenperatures ranging 5 from 500C to
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| evel s near both the anode of a SOFC and the cat hode of a SOFC during
operation of the PSOFC (as indicated above in Fig. 5) sone netals

wi Il not oxidize when exposed to the 15environnent proximate the
anode of the SOFC. Further, since the electrical resistivity of
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20 pressure of oxygen proximate the fuel side of the interconnect may
be selected fromat |east one of nickel and nickel alloys, copper
and copper alloys, iron and iron alloys, cobalt and cobalt all oys,
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Further, according to this non-limiting example, a metallic material 342a that forms an oxide

30  having a dissociation pressure greater than a partial pressure of oxygen proximate the fie]
side 314a of the interconnect 310a during operation of the solid oxide fuel cells may be

connected to at least a portion of the ferritic stainless steel 344a on fuel side 314a of the body
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25 that has reasonable electrical properties and oxidation resistance
in air, may be connected (for exanple, by cladding) to the side of
the i nterconnect opposite the netallic material (i.e., the oxidant
side of the interconnect). For exanple, according to one non-limting
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| ow al | oy and/or | ow chrom umcontaining ferritic stainless steels
that can be used in 15conjunction with these non-limting enbodi nents
include ferritic stainless steels designated Type 409 (e.g., Fe-11Cr
ferritic stainless steels, also designated as UNS-S40900, UNS540920,
and UNS- S40930) and Type 430 (e.g., Fe-16Cr ferritic stainless
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340c¢ that is formed from a ferritic stainless steel 3d44e and has a fuel side 314¢ and an oxidant
30  side 316¢ opposite the fuel side. A metallic material 342¢ that forms an oxide having a

dissociation pressure greater than a partial pressure of oxygen proximate the fuel side 314¢ of

the interconnect 310e during operation of the SOFCs may be connected to at least a portion
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Xaiff t(1,11)/(t(fss) kinaVEq. 4 wherein CTE(r) is the overall
coefficient of thermal expansion of the interconnect, CTE(iss) is the
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30  thickness of nickel-base superalloy layer, so as to evenly distribute the CTE mismatch on

cither side of the interconnect. Conversely, if the nickel-base layer on the oxidant side of the

interconnect has a higher CTE than metallic material on the fuel side of the interconnect, the
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25 interconnect (for exanple, the via surfaces) prior to placing the
i nterconnect into the bath containing the el ectropolishing solution
so as to avoid el ectropolishing of those surfaces. Alternatively, as
previ ously di scussed, the entire oxidant side of the interconnect can
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El ement Conposition 1
Koy tow/ (tess + temmyt toviy) Eq.4
wherein CTE is the overall coefficient of thermal expansion of the interconnect, CTE ) is

the coefficient of thermal expansion of the ferritic stainless steel, CTEum) is the coefficient of

25  thermal expansion of the metallic material which forms an oxide having a dissociation
pressure that is greater than the pO, proximate the firel side of the interconnect during
operation of an SOFC, and CTEqy; is the coefficient of thermal expansion of the nickel-base
superalloy. The variables Xss), Xmm), and Xowy in Eq. 1 are given by Egs. 2-4 above, wherein
tiss) 18 the thickness of the ferritic stainless steel, tymm) is the thickness of the metallic material,

30 and tpy is the thickness of the layer of the nickel-base superalloy. In other words, CTEpis
equal to a sum of the CTEs of each component (i.e., the ferritic stainless steel, the metallic
material, and the layer of the nickel-base superalloy if present) weighted by each

component’s fraction of the total thickness of the interconnect. It will be appreciated that if
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: - : - Vei ght
Wi ght Percent) Conposition 2 (Wight Percent) Conposition 3 (
I(Dercgnt) Conposition 4 (Wight Percent) AluminumO to <0.1 0 to 0.05
0to 0.050to 0.05 Silicon 0 to <0.1

the interconnect does not include a nickel-base superalloy layer on the oxidant side of the
interconnect, the foregoing equations can be simplified to eliminate the terms related to this
component.
For example, according to various non-limiting embodiments disclosed herein, the
5 composition of the ferritic stainless steel, the composition of the metallic material, the
composition of the nickel-base superalloy layer on the oxidant side of the interconnect if
present, and the fractional thicknesses of each of these components to the total combined
thickness can be selected such that the interconnect has an average coefficient of thermal
expansion no greater than 17 ppm/K. According to other non-limiting embodiments, the
10 ratios and materials can be chosen so as to provide an interconnect having a CTE no greater
than 15 ppm/K or no greater than 13 ppm/K. However, as discussed above, it is generally
desirable to match the CTE of the interconnect to the CTE of the ceramic electrodes as
closely as possible. Accordingly, the interconnects according to various non-limiting
embodiments disclosed herein can have any CTE necessary to provide for suitable
15 performance and reliability of the SOFCs or the PSOFC into which they are incorporated.
As discussed above, according to various non-limiting embodiments disclosed herein,
the side of the interconmect opposite the metallic material (i.e., the oxidant side of the
interconnect) may be electropolished. For example, although not limiting herein, the
interconnect may be electropolished by placing the interconnect in a bath containing an
20 electropolishing solution (which typically contains an acid and a carrier), electrically
connecting the interconnect to a cathode, and passing current between the interconnect and
the cathode so that material is electrochemically removed from the surface of the
interconnect. Further, although not limiting herein, the oxidant side of the interconnect may
be seiectively electropolished, for example, by masking-off certain surfaces or regions of the |
25  interconnect (for example, the via surfaces) prior to placing the interconnect into the bath
containing the electropolishing solution so as to avoid electropolishing of those surfaces.
Alternatively, as previously discussed, the entire oxidant side of the interconnect can be
electropolished and thereafter certain surfaces of the interconnect (for example, the via
surfaces) can be physically or chemically abraded to reduce or eliminate the effects of
30 electropolishing at those surfaces.
Examples of ferritic stainless steels that can be used to form the interconnects of

various non-limiting embodiments disclosed herein include, but are not limited to, ferritic
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stainless steels comprising at least 12 weight percent chromium. According to one non-
limiting embodiment, the ferritic stainless steel may comprise at least 18 weight percent
chromium, may further comprise from 18 to 35 weight percent chromium, and may still
further comprise from 20 to 28 weight percent chromium. Ferrtic stainless steels comprising
at least 20 weight percent chromium are believed to be particularly useful in conjunction with
various non-limiting embodiments disclosed herein, since such “high-chromium containing”
ferritic stainless steels tend to form oxide scales having relatively low electrical resistivity.
Specific, non-limiting examples of commercially available ferritic stainless steels comprising
at least 20 weight percent chromium include AL 453™ ferritic stainless steel and E-Brite®
ferritic stainless steel.

According to still other non-limiting embodiments, the ferritic stainless steel can be a
high-chromium containing ferritic stainless steel alloy that further comprises rare earth metal
(“REM”) alloying additions. Although not limiting herein, it is contemplated that the'
addition of REMs to a high-chromium containing alloy (such as the AL 453™ ferritic stainless
steel alloy discussed above) may result in the formation of an adherent, slow-growing
chromium-oxide scale at high temperatures. REM in the form of mischmetal may be added
during production of the ferritic stainless steel. Mischmetal is an available commercial form
of mixed REMs and can be obtained with different compositions having known
concentrations of the REMs cerium, lanthanum and praseodymium. For example, a common
mischmetal form used in steelmaking is nominally 50Ce-30La-20Pr by weight.

According to other non-limiting embodiments, the ferritic stainless steel can be low in
alloying elements that form continuous oxides having electrical resistivity that is greater than
the electrical resistivity of chromium oxide. Non-limiting examples of alloying elements that
form continuous oxides having electrical resistivity that is greater than the electrical
resistivity of chromium oxide include aluminum and silicon. For example, stainless steels
comprising less than 0.1 weight percent aluminum and/or less than 0.1 weight percent silicon;
and ferritic stainless steels comprising from 0 to 0.005 weight percent aluminum and/or from
0 to 0.005 weight percent silicon can be used in accordance with various non-limiting
embodiments disclosed herein. Although not limiting herein, it is contemplated that by
reducing the amount of alloying elements in the ferritic stainless steel that form continuous
oxides having an electrical resistivity greater than that of chromium oxide, the chromium-rich

oxide and/or manganese-chromate spinel scale that forms on a ferritic stainless steel
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interconnect during operation of a PSOFC may have improved electrical properties as
compare to interconnects made using conventional ferritic stainless steels,
Further, the ferritic stainless steels accordin g to various non-limiting embodiments

disclosed herein can comprise from greater than 1 weight percent to 2 weight percent

5  manganese. As previously discussed, manganese can segregate to the surface of a ferritic
stainless steel during oxidation at high temperatures thereby forming a scale comprising a
manganese-chromate spinel (e.g., MnCr,O4). As discussed above, the formation of a scale
comprising manganese-chromate spinel on the surface of the ferritic stainless steel during
oxidation may reduce chromium migration from the surface of the ferritic stainless steel.

10 While not limiting herein, it is contemplated that the maximum resistance to chromium
migration may be achieved when the manganese-chromate spinel formed on the ferritic
stainless steel surface is saturated or nearly saturated with manganese, which generally
requires a manganese content of greater than 1 weight percent of the ferritic stainless steel.
Therefors, the ferritic stajnless steels according to certain non-limiting embodiments

15  disclosed herein may comprise greater than 1 weight percent manganese, may further
comprise at least 1.5 weight percent manganese, and may still further comprises at least 1.6
weight percent manganese.

However, since the overall thickness of the scale on the surface of the ferritic stainless
_ steel tends to increase with increasing manganese content, for certain applications it may be

20 desirable to prevent the formation of thick scales on the surface of the ferritic stainless steel
(at least in the electrical contact areas) in order to keep the ASR of the interconnect as low as
practicable. Therefore, accdrding to various non-limiting embodiments disclosed herein, the
amount of manganese present in the ferritic stainless steel may range from greater than |
weight percent to 2 weight percent, may further range from at least 1.5 weight percent to 2

25  weight percent, and may still further range from 1.6 weight percent to 2 weight percent,

Non-limiting examples of ferritic stainless steels that may be used to form
interconnects according 1o various non-limiting embodiments disclosed herein and that have
a high-chromium content, that optionally contain REMs, and that are both low in alloying
clements that form continuous oxides having electrical resistivity that is greater than the

30 electrical resistivity of chromium oxide and contain from greater than 1 to 2 weight percent
manganese are set forth below in Table IJ.

Table 11:

34



0to 0.050to 0.05 Cerium0to 0.1 * 0to 0.1 0to 0.1 ZirconiumoO
t0 0.1 0to 0.1 0to 0.1 0to 0.05TitaniumO to 0.5 0to 0.1 0to

0.5 **

10

Tant al um
Composition 1 | Composition 2 | Composition 3 | Composition 4
Element (Weight (Weight (Weight (Weight
Percent) Percent) Percent) Percent)
Aluminum 0to<0.1 0 to 0.05 0to 0.05 010 0.05
Silicon Oto<0.1 0to 0.05 0to 0.05 0to 0.05
Chromium 21to 35 21to24 23to 27 23 to 27
Manganese >1to2 >]to2 >1t02 >1t02
Carbon 0.0021t0 0.1 0.002 to 0.1 0.002 to 0.1 0.002 to 0.1
Nitrogen 0to 0.04 0 to 0.04 0to 0.04 0 t0 0.04
Molybdenum Otol Oto1l Otol 075101
Nickel Oto 0.5 0to 0.3 0to 0.3 0t0 0.3
Lanthanum 0 to 0.05 0.02 to 0.04 0 to 0.05 0 to 0.05
Cerium 0to 0.1 * 0to 0.1 0to0.1
Zirconium 010 0.1 0to 0.1 0to 0.1 0 to 0.05
Titanivm 0to 0.5 0to 0.1 0to 0.5 *E
Tantalum 0to 0.1 0to 0.1 0to 0.1 *k
Niobium 010 0.2 0to 0.1 0.05t0 0.2 *E
Iron & Balance Balance Balance Balance
Impurities

* Weight Percent Cerium + Weight Percent Lanthanum ranges from 0.03 to 0.06.
** Given by: 0.4 weight percent < [%Nb + %Ti + ¥2(%Ta)] < 1 weight percent.

With respect to Composition 1 (above), the amount of aluminum and/or silicon in the

ferritic stainless steel compositions set forth in Tabie II above may range from O to 0.05

weight percent. Further, with respect to Compositions 1-4 (above), the amount of aluminum

and/or silicon may range from 0.005 to 0.05 weight percent. Still further, with respect to

Compositions 1-4, the amount of manganese may range from 1.5 to 2 weight percent, and

may further range from 1.6 to 2 weight percent.

As previously discussed, various non-limiting embodiments of the present disclosure

relate to ferritic stainless steels, and in particular, ferritic stainless steels that may be useful in

fabricating interconnects according to various non-limiting embodiments disclosed herein.

For example, one non-limiting embodiment provides a ferritic stainless steel comprising

Composition 1 as set forth above in Table II. Further, according to this non-limiting

embodiment, the ferritic stainless steel can comprise from 0 to 0.05 weight percent aluminum
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set f ofdhtid RaihRRd Sedi |acé?)?ﬁﬂ§torfﬁ§§ oA qgl%tﬂc]é gn%gdnglgnt maoy500mpnse from 1.5t0 2
weight percent manganese or from 1.6 to 2 weight percent manganese.

Another non-limiting embodiment provides a ferritic stainless steel comprising

5 Composition 2 as set forth above in Table II. Further, according to this non-limiting
embodiment, the ferritic stainless steel can comprise from 0.005 to 0.05 weight percent
aluminum and/or silicon. Still further, the ferritic stainless steel according to this non-
limiting embodiment may comprise from 1.5 to 2 weight percent manganese or from 1.6 to 2
weight percent manganese.

10 Another non-limiting embodiment provides a ferritic stainless steel comprising
Composition 3 as set forth above in Table IL Further, according to this non-limiting
embodiment, the ferritic stainless steel can comprise from 0.005 to 0.05 weight percent
aluminum and/or silicon. Still further, the ferritic stainless steel according to this non-
limiting embodiment may comprise from 1.5 to 2 weight percent manganese or from 1.6 to 2

15 weight percent manganese.

Another non-limiting embodiment provides a ferritic stainless steel comprising
Composition 4 as set forth above in Table II. Further, according to this non-limiting
embodiment, the ferritic stainless steel can comprise from 0.005 to 0.05 weight percent
aluminum and/or silicon. Still further, the ferritic stainless steel according to this non-

20 limiting embodiment may comprise from 1.5 to 2 weight percent manganese or from 1.6 to 2
weight percent manganese. Additionally, the amounts of one or more of niobium, titanium,
and/or tantalum may be further chosen to satisfy the equation 0.5 weight percent < [%Nb +
%Ti+ 2(%Ta)] < 1 weight percent, or may be chosen to satisfy the equation 0.5 weight
percent < [%Nb + %Ti + $4(%Ta)] < 0.75 weight percent. Further, according to various non-

25  limiting embodiments, the amount of titanium in Composition 4 can be no greater than 0.5
weight percent,

The ferritic stainless steels according to varions non-limiting embodiments disclosed
herein can also be essentially free of silver, calcium oxide, and/or titanium. As used herein
with respect to the composition of the ferritic stainless steel, the term “essentially free of”

30  means that no more than impurity or residual levels of the specified element(s) are present in

the ferritic stainless steel.
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from a ferritic stainless steel and comprising at least one via that when subjected to an
oxidizing atmosphere at a temperature of at least 650°C develops a scale comprising a
30 manganese-chromate spinel on at least a portion of a surface thereof and at least one gas flow

channel that when subjected to an oxidizing atmosphere at a temperature of at least 650°C
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f r om 05568 f5r O ew%ﬂedﬁe%eﬁﬁ%wﬁwwﬁ&mwam at 184t 550°C.
fur t hegtill fidehef, f Tehdtbfie 81sHAY 8155y ' I s, non-limting
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f r om 19%d¢ 8rale apeit ffast anoriemef amungeatbereot, Arofiminumerich dxidd scitg

enbodi : | Is rconnect . for.S the 10 j nterconnect
conpri si.Er]‘F_gnSa g%drn%%ta icgfbélgl%%flgggwg‘% %g?m%tgﬁﬁ%im Frg“blée“c%]’ﬂﬁﬁ)tﬁ {98 as set
f okt h ¢xjdizBgmpoueiphéroat 2tenpemiturd oflrdesst 690aCt her, as di scussed above,
according tg.this nop-limtjng enbodinent, the ferritic stainless
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si | i colmvirfgtd hbtaflic iidi@tal tHabfrkhe Bh biife Bivahd i skl om
1.5 toé wei ght percent nanganese o? _fr_og?n %.%%c%glggbf/\el g%gl%%glﬁ%ﬁ?w
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i nt erconnects according to any o e foregoi ng non:
enfBodi Felallis matsial dtfepnesn oxide horng 4 distociatjor plosdirpBatePhay ihe 98, a

PSOFC ¢ oiBaleS F id oxide fuel cell i an anode, a
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non- | ifad) b Ba g UNIRA [ I i rped froma ferritic
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peratron of the pl solid oxide fuel cell. More particularly, according to this non-limiting

embodiment, the interconnect is interposed between the first solid oxide fuel cell and the

second solid oxide fuel cell such that the fitel side of the interconnect is adjacent the anode of
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Further, according to various non-limting enbodi ments discl osed
herein, the fuel side of the interconnect can conprise a ferritic
stainless steel and at |east one via of the fuel side 5 nay develop a
scal e conprising a manganese-chromate spinel on at |east a portion of

a surf C&rt hg];i(?of, when subjected to an oxidizing atnosphere at a
t enper & spkd gridy Bigkeellompiche axidpnt siderof erintempnheshistadpoent gascaflodw

channedf it sdcBgd l xS pl,ﬁsﬂfe% -alugl.numtich oxide scal e on
at | east e_ls port%%%og?ieg&gg?%ace t g#%%@fl%tt%e %?%#Iﬂﬁ’ﬁgref:{bﬁg@ﬁnﬂéhe
scal e Pehgds ofi theyinterenmoent chaytie doimeh feom 2 Bavitio gaRlRe sBLliahe HethsslET €,
when LeGt xidizing atnmosphere at a tenperature of at
| east %igé%@&l it f&%}ﬂ%@g ngig R ,dlgﬂcéatfcﬁ’éﬁe%swﬁér Sfer theg 4 pdareximateghe nay
cOpr ifSel d efith htevccshert Wheporstanh dite IHDFT Rhalkd & ARLE] A fat
for rrsntgn eOXﬁdq .hgw n‘? a dissociation pressure greater than the
pr oxi ?gr’? 5 PS€te of the interconnect duri ng operation of the
PSOFC connegtedst oF nadkis .anR: Qf e thereaf . .Still

; gqgt%fcoﬁn&%ratcb&{,m% to @ar?dﬁri %Sﬁngipnéﬁg ec?nom
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t hat e Rergig veill npgherdiscassed.s Soe nont-limiting erstedingeny pRAIRE a biv@bdtdre
p02 prn%&-]g@.&gn I he interconnegct during operation of
the PSOFC. itk nnﬂfla# h%ﬁ%‘%gnr%ﬁ%es a0 POt o & e steanles stoel, the
stlBel dntgreanmast bivinga fuel sidd aidsmtoxidant Gdd0skitate RAYAG AdlbIEORIALRON
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det ai portRAat fest ofofasliod! dianatl OFMRULTRA sidl 57t ififexhuRSEFC comPr i si ng
a first SO:FiPd OXi Yle file cell having an anode, a cathode, and a solid

oxi de el ect POPAHIR!%, AFCREERS forfhls appdiatirglembadiventhd eropalishingond sol i d
i de chuph iy ; ; i id
o potr o) TsRletihay b RO SRR o £RNON G ARk b HoRShetel of s e
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pﬁ)xi fagtepol P81 hase grertios.t Nen-limidngeramples ofsuiishly B@kinpenatrian of
the phamas phsthietste v H8s faHe h%agﬁ%l% (taapysprﬁle%%ﬁte} g}fe' lﬁ@qyoﬁp%? g%g@:jng to

this non-11mting enbodi ment, Interconne bet ween
the f9lpabropsiishied spdiserassiabbve: edferairiroplishipgone naglihgmarridechwel  cel |

such f el s of the interconnect is adjacent the anode of
t he fi}r}lg%eésgfllc& oxrlll%\ég%ijel cell, and the oxidant side of the

i nt er conne@ptidnelly dibeentafichs] ebivh elersolitings, 3969NHc 5Rkdd] 43 BE?J éif'
ccarding to this non-limting enbodi nent, the tue

I'1. Further,
s%?de ? &Jet%éﬂqgrﬁ Cg?SEB‘ﬂW@’c HRF Berteidhapdhic pPopioinpase thietfie sileaf teess
st eelin@n@dnhdre dnmd FEioHB: i Fchal o i havi a ..
di ssc:ni ation pr es,gzdtgfe Sr egfﬁg'rp@tbhan a&S%B%%S%?ﬁgﬁgqﬁﬂgﬁg‘ P%STMEY%% of
t he itht Betabinaeietial gan brcospestert fodhe friritihwai MEGRGL priceo fethih@that | east
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il t TR AR [ teel . . t hod Ki
it or aonet A B S o MRSy Bl moteriys M Bmiorics Pavais os ec
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PP o hepapT Pt 18 PeBlicia Eeb e irlon Rahore delal
Another non-limiting embodiment provides 2 method of making an interconnect

comprising forming an interconnect from a ferritic stainless steel, the interconnect having a
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10 interconnect having a fuel side and an oxi dant side opposite the
fuel side, each of the fuel side and oxidant side conprising a via
and a gas flow channel, and el ectropolishing at | east a portion of at
| east one gas flow channel of the oxidant side of the interconnect.
For ex | &, accordi.ng fo this non-limting enbodi nent,

el ectr %ﬁ‘)ﬂ% Fﬁgﬁpﬁﬁn E’é%ﬂa‘géﬁﬁﬂ’%‘@t% thedbelisids chloéﬁkrf@@@idbgh(ﬂ ngidait sideast a
por t i oRo@fristhg h ©ASInd@Nas B8 chiW, ¢ i ldant.si de of .t he
interconneqt.ghbre pa?%icplgrly,’éggg FﬁgL%%n%ﬁgggﬁgﬁngﬁ?P ! side
enmbodi REHe ntgparact. wad physisallpprothiestiatiy reryvicpmpterisiefron sklefg ohd10S €

portio he C at are no a.be. el ectropol i shed using
a nas kie%a@é?aoglg%daﬁﬁﬁ%o@g%g&nghgYlatoﬁéhe\ﬁ’%‘ianﬁﬁld? ?f%tﬁ%%t‘ﬁwe%ti Gwtiopally,
ent ¥ r eafnetdllisindteriok that fornsh axide Hakbiy achabdiglich RbsstiRerdue!msiHe, 0] € to
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n be

and magki n%gh pes. Thereafter, the interconnect ca
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mesKi NgedRti8f {oAbrfRR thnfRRNEE by known methods. Optionally, before
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anl®5 oxi deAnefbenmyndintisg eobatinent ppoddsurmetis@al wikibhaninthapaect
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digdhel; side appositedierddant side porapisiessthe et o atefialneskch pgthaxidant
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stainl ess st e‘gfg@t Eieiq%tte %?%%gﬁﬂ%(@}ﬁ}al{% an‘élaﬁndq? ﬁaéqlf{ogf Fra A3 dissRIsehint
si de Oppwse defail helowyeticomlinggo temnim-lihitilgenfioéimdat, dermang e theRPtnest de

con& si A an as £ 1 ow channel, el ectropolishing at |east a
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chem datritiy steriesgistegl. mat eri al from at | east one el ectropolished

sur.face of . least one via of the oxidant side of the interconnect.
qlgtbi onal | y,&l%loaﬁﬁéﬂ%ﬂorqel%g iRdhetorening reprlipgingembadiodnt et leastiapgrtion of at

di SS0G¢ast bR baP AEHSHEISBAL BFid Lt DRLE e fyuel side of
the inter cﬂfnkr?ect duri r?g oper at %g%mgk?&%@tg@%g eé% (glét‘%(gf?ro
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ei t hegy g : i shi.ng. .AlL.ternatively,. the metallic
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a)get Bgﬂreoéomngc%ﬁlg%eaﬂetﬁ% %{a é%lrf]:l %%eto or after connecting the metallic material but

prior to forming the interconnect,

Still further, according to various non-limiting embodiments, a layer of a nickel-base
superalloy can be connected to a surface of the ferritic stainless steel opposite the surface to
which the metallic material is connected prior to forming the interconnect, for example by hot

30 rolling or cold roll bonding. For example, according to one non-limiting embodiment, a
ferritic stainless steel slab can interposed between a layer of the metallic material and a layer

of the nickel-base superalloy. Thereafter, the stack can be clad together and processed to the
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conprising connecting a netallic material on at |east a portion of a
surface of the terrific stainless steel sheet material, the netallic
mat eri al being nickel or a nickel alloy, copper or a copper alloy, or
a ni ckel -copper alloy, and form ng an interconnect fromthe ferritic

stainless steel sheet material, the interconnect having a oxidant
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20 of suitable cladding nmethods include, without limtation, hot and
cold roll bonding, as well as other therno-nechanical bonding

t echni ques such as expl osive bondi ng and forging. As used herein
the term "fasteni ng" neans nmechanically connecting or interlocking
two or nore natgrials,_such as wth a fastener or sone ot her
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enbodi ment, a |ayer of a nickel-base superalloy may be clad to the
ferritic stainless steel prior to formng the interconnect such that
after formng, the interconnect has a first side conprising the

ni ckel - base superalloy and a second si de opposite the first side
conpri sing rritic stainless steel. Thereafter, the netallic
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and a ﬁ%ﬁeet or a_ni ckel - base supera oy ¢an dleﬁ g?t to
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f aci |slﬂmaedMﬁsﬁt&metmigcaafoe\fmge@mfoaamm:ihﬁer@iméohe present disclosure
%d are n helin ended t |mt herei.n, EXAVPLES Exanple 1

Thr ee sanples ooewgggﬂn-gxrm Eysgff‘rqnfquéeds@gpqﬂﬁg@gmg@ré@p ingef e

obt ai veeidusagpetie sf td pRSert QistRklreWhd arkh@t fntdndtd £84e 1&1{1.1 lﬁgfl& ferritic
stainless steel sanples were sanples of AL 453TM a o '

EXAMPLES
Example 1
Three samples of each of the two ferritic stainless steels were obtained and tested as
30  follows. The first set of three ferritic stainless steel samples were samples of AL 453™ a]loy
(the nominal composition for which alloy is set forth above in Table D). These three samples

were electropolished prior to testing as discussed below. The second set of three ferrific
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(the nom nal conposition for which alloy is set forth above in Table
). These three sanples were el ectropolished prior to testing as

di scussed bel ow. The second set of three ferritic stainless steel
sanpl es were sanples of E-BRITE(r) all oy (the nom nal conposition for

WhICh | ] .S .set orth aboyve i.n Tabl e and were tested WlthOUt
el ectrd 16’?‘%% F\‘Fﬂ&amp es wegq S@E]Pf/eé SBET%HTﬁg a@ﬂ}’ﬁh@nmmb@moaitmfo

was ¢ oml@tqc'& 6¢t fogh bV dPabld Nend WL RSl %}@&t%ge%géﬂ@ﬁngs hed were

ground with_ 240 grit silicon carbide wet T aphi c

gri ndi ng paplriropphighiag ﬁ%@é@hﬁe’iﬁ“tﬂﬂ%ﬂsamm@m@onducwd aadolows Thei d

sol uti n; % sul.f.iric acid, 47%

phosph%ﬂg‘%\gg :%g ete%%go%%ﬁa V*%' | c a ?48 ESIEBqDLﬁafbd el d at
appt oxmﬁﬁﬂgg;yplma fgﬁn%n%i ﬁqjeecmmnipnes hvdlfn@tﬂfbﬁimglgfséd ﬁﬁb:[n@qﬁecmé taﬁia%}uﬂgn

curre i.n ro e for m.nut es, W

sanpl es V%Ié %%@wg#@néﬁf osgide acigy A phesphericsaids e 28%nce of
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each th ii’ oxi dati on cyc e e sar{g esS were expose
cont ai T 1Y PFHR&R Sprepbefor Amp-ix theonshithe samplefor 26 edutesy withahe sanfpdes 160

hour s. belhpeflipyéd é&fgﬁﬁaﬂése Was repeated until achieving a total
exposure tine of 4000 hours. The wei ght of each sanple was neasured

af¥lker each Theemidation sesistancoef eeylt banmeaas teoeddahtedhyethessd bi@agda t hi S

testi a t of weight change, per

sanpl erlg( g%?éace éed%ﬁ eﬁﬂalnﬁ‘ﬂlg“ Cyc}(epi}hﬁagipf PP@IQWEI?{A)WP%PO’%%EE %

sanpl ewates&tagdc atatempeﬁ(stumajfm@(saemﬁaﬂlgrfbf 14D. hOﬁFS %@B ﬂicc ekP&sure was

el ect ropol | g ?'ﬂ) Ies AL 453Tm ||O% gai ned wei ht t hr oughout

t he exp‘g Pemﬁ PIT g tHeteL SXPOFHE tims Rt 40RE howsp o FresHelehta eptherample was

t he ExBfkilied Eﬁer%abl@theﬁﬁdﬂé'xﬂ%ﬁoﬂ Skle éﬁﬁ'rgtlfbtrdf—ﬁf tﬁ@r ﬁ?&hﬂf&% %a{'egoo
ro

hgﬁﬂs of ex&osur and 20 continued to | ose wei g dm?
REFTERIEk pokigr Z‘a%l’lpb@f qu&ht§hmegm sqnpde surfichated ug/dmt)ovsbexposure

attri haebers) for th® BM e% gn of chrom um bearing vapor species from
the surface of the sa otlurl ng testing. Exanple 2: A sanple of AL

453Tm al | oy‘&S(O@nbe smnfrm Fxgo?;paash ofthnelfeuropmslmﬂ sanpley of TG ™ :ilrotyh 25
above tro olish as scri bed abogve in Exanp

o hen el 7 #%t e A e R e R A
mec harﬂlecE-[BiR;ITE lahtdpmnpsesm gasaweigmmﬁla droaedtel ¥odhoushe ep?;ﬁﬂ"u”;'eeaﬁ’@s
t%n % ahc}gj h}nla fu]ggtgr gl? gwated at 875C for 72 hours under air to
ciuse 1 tpeloss Wright tropghont #1¢ temainkg fxpesure period. This weight loss is

believed to be attributable to the evolution of chromium-bearing vapor species from the

surface of the sample during testing.

Example 2;
A sample of AL 453™ alloy (the nominal composition for which alloy is set forth
25  above in Table I) was electropolished as described above in Example 1. Thereafter, a portion
of the electropolished surface was mechanically abraded using a diamond-tipped stylus. The
sample was then placed in a firnace and heated at 875°C for 72 hours under air to cause an
oxide scale to form on the sample.
After exposure, the sample was observed using a scanning electron microscope and
30 the characteristic x-rays of several elements were mapped to show the relative amounts of the
various elements at or near the surface of the sample. Fig. 8a is the secondary electron image

of the sample and Figs. 8b -8e are characteristic x-ray maps of the same area shown in Fig, 8a
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After exposure, the sanple was observed using a scanning el ectron

m croscope and 30 the characteristic x-rays of several elenents were
mapped to show the rel ative anmounts of the various elenents at or _.
near the surface of the sanple. Fig. 8a is the secondary el ectron

i mge o tthg sanmpl e .and Fjgs. 8b -8e are characteristic x-ray maps of
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X-rays xohy Hagnia bk @it chataPdii G at ?ﬁguh:p Fla. . 8h is.an x-ray
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isto uneer that .th resent description illustrates aspects

of thegﬁrslven?icg%%gg?&l nﬁo{lgoglcgfu@é?mﬁ'ﬁ‘ﬁ Pﬁ&ﬁﬁmwoi’wqdnventi on.

Certai n aspédtts befunddrstobditatihe presét dbscyiptid rﬂilllﬁ%@éml %&?stoftt?e fnb'&ﬁl%n()f
not facilitate a

.ordinary skill in the art. and that, therefaore, wou _ .
bet t er fe{%aiﬁﬁasf@f’%@ﬁﬁm@fngt &b 1veRtien-o ety asnsets of Berinysntior fheteowld
or der bt fofthoselo? ofEP A1 e b Br, oRl-LBAUABIIHR: BLASSDL beer
i nvention has, been described in connection wth ¢ertain enpo |menttts,
t he? prwésrtanfing & thegpvention deve nokbeeacresonted in grder to simhlify dreyoetienent s

di scl og88iptidYut Aok 1Lfhcatiaons that.are. within the
spirit anc?_ scope gfé}% gg%%&eﬁ%ﬁg%&{%ag% J':e ‘?eﬁg%b y EAECRIOTERHRL Certah s
CLAI vemidinertsnthe preseat ingentioniiena timiitet ¢s the phpiehilac OAPGdiseMg distldsedei ght

perce - S an 0.1 alumnpump fromQ to less than 0.1
Sili c%‘ftlsflﬁfégna th%SL%gg%Cﬁﬁ%aﬁPﬂ%ﬁ%ﬂ@r%wﬁm%wm seonee dhisriaeeation,rasm
0. 002 defin®l Hy thamppmded tlaim) to 0.04 nitrogen, fromO to 1 nol ybdenum
fromO to 0.5 nickel, fromO to 0.05 lanthanum fromO to 0.1 cerium
fromO to 0.1 zirconium fromO to 0.5 titanium fromO to 0.1
tantalum fromO to 0.2 niobium tiron and inpurities. 2. The ferritic
stainless steel of claiml wherein the ferritic stainless steel
conprises: fromO to 0.05 weight percent alumnum and fromO to 0.05
wei ght percent silicon. 3. The ferritic stainless steel of claim1l
wherein the ferritic stainless steel conprises: fromO0.005 to 0.05
wei ght percent al um num and
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fromO0.005 to 0.05 weight percent silicon. 4. The ferritic stainless
steel of claiml| wherein the ferritic stainless steel conprises from
1.5 to 2.0 weight percent manganese. 5. The ferritic stainless steel
of claim1l wherein the ferritic stainless steel conprises from1l.6 to
2.0 wei ght percent manganese. 6. The ferritic stainless steel of
claiml wherein the ferritic stainless steel conprises, in weight
percent, fromO to 0.05 al um num fr 0 to 0.05 silicon, from2l1 to
24 chromum greater than 1 to 2 maﬁ:grg;pédsge fromO0.002 to 0.1 carbon,
fromO to 0.04 nitrogen, fromO to 1 nol ybdenum fromO to 0.3

ni ckel , fywemOmO2 to 0.04 | anthanum fromO to 0.1 zirconium fromO
to 0.1 titanium fromO to 0.1 tantalum fromO to 0.1 ni obium
cerium iron and inpurities, wherein a sum of the weight percent

ceri um and A feeritvestgihtespecad eomptiang, maweight gmcpas ffonontdle®3ham0.0. 06. 7.

The ferritic.stai.nle st eel laim6 erein the ferrjtic

st ai nl ess® SPEEM, (gr(?ﬁb(ﬁoslg%ﬁﬁ?nr(gjnsg‘?%?r%mto %‘i‘ﬁ‘ﬁ?’ gesAteEn 1 to 2

al um num maipdnéseOfiv A 0005 t6 0.1 aHon\\&b:@ Mo PELGRESge] firdifi O 1 rfolyddeBum,
ferritic stainless steel of claim®6 wherein manganese ranges from1l.5

to 2 wei glem@dp derickel.gromyfgo §.85 janthapuwy; fom|0de §-lsqesizm, Pm il 6
wher ei n MRRGANGS GohPIRAES tifaBMint Rnt € 1?0 18] i

ferritic st a@nﬁgsg st egf ol¥ gl]lnéi m1 &ﬁ%%mﬂa@g,@?@é??{)&zﬁﬁ%ﬁh 0ensasnd
st eel conpmugtes. in wei ght percent, fromO to 0.05 aluminum from?oO
to 0.05 silicon, from23 to 27 chromum greater than 1 to 2

manganes ram.0. 002 . to 0.1 carbon, fro to 0.04 nitrogen, fromO
oS ot yh bR Paeless F5eIGT SRR SRdorcit s et e gfailiog ek ORRHA f 1 om
0 to 0.1 ceri WBm DROD0O westl pdredit hR@MTh&H) anir om 0 to 0.5 titani um
fromO to 0.1 tantalum from0.05 to 0.2 niobium iron and

i mpurities. 1fromrfe §.8p weight peeentyilisss st eel of clai m 10 wherein the
ferritic stainless steel conprises: fromO0.005 to 0.05 wei ght percent

al um num . . ihght percent sikicon., 12.. The
Feniti oot S8 FLGECNRRRP st 8 of it YSIiln AETERAL Bl WPy codbrizall 1
to 2 wei ght pédroanef005 talR05 Weizhf pdrednt hlansihimn, nhéss steel of claim 10

wher ei n manganese. r e roml.6 to 2 weight percent. 14. The
ferritic stai &{o&gﬂ@?%@o%we@a&ﬁw@t €%ein the ferritic stainless
steel is essentially free of silver, calciumoxide, and titanium 15.

An inter @?g@?éﬁﬁ@ﬁ%iéé Q661 3f &lsﬁﬁ whter Ak MBS stainfsl s@&\%\gfrlgh%@ flofh

claim1l. . Aferritic stainless steel conprising, In
percent, 1Yo QweighOpdeenamangamgss. from O to 0.05 silicon, from23 to
27 chromum greater than 1 to 2 manganese, from

5. The ferritic stainless steel of claim 1 wherein the ferritic stainless steel comprises from

1.6 to 2.0 weight percent manganese.

6. The ferritic stainless stee] of claim 1 wherein the ferritic stainless steel comprises, in
weight percent, from 0 to 0.05 aluminum, from 0 to 0.05 silicon, from 21 to 24
chromium, greater than 1 to 2 manganese, from 0.002 to (.1 carbon, from 0 to 0.04
nifrogen, from 0 to 1 molybdenum, from 0 to 0.3 nickel, from 0.02 to 0.04 lanthanum,
from 0 to 0.1 zirconium, from 0 to 0.1 titanium, from 0 to 0.1 tantalum, from 0 to 0.1
niobium, cerium, iron and impurities, wherein a sum of the weight percent cerium and the

weight percent lanthanum ranges from 0.03 to 0.06.

46



0.002 to 0.1 carbon, fromO to 0.04 nitrogen, fromO0.75 to 1

nol ybdenum fromO to 0.3 nickel, fromO to 0.05 |lanthanum fromO to
0.1 cerium fromO to 0.05 zirconium an anount of at |east one of
titanium tantalum and niobium wherein the anbunts of titanium
tantal um and ni obi um sati sfy the equati on: 0.4 wei ght percent <
[9%\b + %1 + |1Z2(ZoTa)] < 1 weight percent, iron and inpurities. 17.

The ferriti tai.nl ess steel of . claim16 rein the terrific.
st ai it ess-JhedrTB AR SEofG G CORTD U Bt alaipes sl Lasppprises:

al um num and f#&RM0Ds90.06 etht pervBrit@himiR@hcaat silicon. 18. The
terrific stainless steel of claim 16 wherein manganese ranges from

1.5 to 2 wei ghtop&Pae 0.05 pyight percenisilicen.c st ai nl ess steel of claim
16 wherei n nanganese ranges from1l.6 to 2 weight percent. 20. The

ferritic i | of ¢latm16 wherein the ferrdti inkess
cteel corprisduFRE sEids bl g s ST R Bk R R e F b 24 T
ferritic mdrannl ess steel of claim 16 wherein the anmounts of titanium
tant al um and ni obi um satisfy the equation: 0.5 weight percent < [%\b
+ i + 1Z2(ZoTa)] < 1 wei g;lht ercent. 22. The ferritic stainless
steel of CITApdsIgC faiiess pee Wécﬁéﬁréivfhe@%ﬂﬁpgﬁné%a@%eéémm Loded avpighyl | y
free of siJugr, calciumoxide, and titanium 23. An interconnect
conprising a terrific stainless steel according to claim 16.

10. The ferritic stainless steel of claim 1 wherein the ferritic stainless steel comprises, in
weight percent, from 0 to 0.05 aluminum, from 0 to 0.05 silicon, from 23 to 27
chromium, greater than 1 to 2 manganese, from 0.002 to 0.1 carbon, from 0 to 0.04
nitrogen, from 0 to 1 molybdenum, from 0 to 0.3 nickel, from 0 to 0.05 lanthanum, from
0 to 0.1 cerium, from 0 to 0.1 zirconium, from 0 to 0.5 titanium, from 0 to 0.1 tantalum,

from 0.05 to 0.2 niobium, iron and impurities.

11. The ferritic stainless steel of claim 10 wherein the ferritic stainless steel comprises:
from 0.005 to 0.05 weight percent aluminum, and

from 0.005 to 0.05 weight percent silicon.

12. The ferritic stainless steel of claim 10 wherein manganese ranges from 1.5 to 2

weight percent.

13. The ferritic stainless steel of claim 10 wherein manganese ranges from 1.6 to 2

weight percent.

14. The ferritic stainless steel of claim 1 wherein the ferritic stainless steel is essentially

free of silver, calcium oxide, and titanium.
15. An interconnect comprising a ferritic stainless steel according to claim 1.

16. A ferritic stainless steel comprising, in weight percent, from 0 to 0.05 aluminum,

from O to 0.05 silicon, from 23 to 27 chromium, greater than 1 to 2 manganese, from
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0.002 to 0.1 carbon, from 0 to 0.04 nitrogen, from 0.75 to 1 molybdenum, from 0 to 0.3
nickel, from 0 to 0.05 lanthanum, from 0 to 0.1 cerium, from 0 to 0.05 zirconium, an
amount of at least one of titanium, tantalum and niobium, wherein the amounts of
titanium, tantalum and niobium satisfy the equation:

0.4 weight percent < [%Nb + %Ti + 'Zy(°ZoTa)] < 1 weight percent, iron and

impurities.

17. The ferritic stainless steel of claim 16 wherein the ferritic stainless steel comprises:
from 0.005 to 0.05 weight percent aluminum, and

from 0.005 to 0.05 weight percent silicon.

18. The ferritic stainless steel of claim 16 wherein manganese ranges from 1.5 to 2

weight percent.

19. The ferritic stainless steel of claim 16 wherein manganese ranges from 1.6 to 2

weight percent.

20. The ferritic stainless steel of claim 16 wherein the ferritic stainless steel comprises no

greater than 0.5 weight percent titanium.

21. The ferritic stainless steel of claim 16 wherein the amounts of titanium, tantalum and

niobium satisfy the equation:

0.5 weight percent < [%Nb + %Ti + 'Z,(°ZoTa)] < 1 weight percent.

22. The ferritic stainless steel of claim 16 wherein the ferritic stainless steel is essentially

free of silver, calcium oxide, and titanium.

23. An interconnect comprising a ferritic stainless steel according to claim 16.

48



